The effects of Mg deficiency on the photosynthesis and respiration of sugar beets (Beta vulgaris L. cv. F58-554H1) were studied by withholding Mg from the culture solution and by following changes in C02 and water vapor exchange of attached leaves. Leaf blade Mg concentration decreased from about 1200 to less than 200 meq kg-' dry matter without change in the rate of photosynthetic C02 uptake per unit leaf area, while from 200 to 50 meq kg-' the rate decreased to onethird. Rates of photorespiratory evolution of CO2 into C02-free air responded to Mg like those of photosynthetic C02 uptake, the rates decreasing to one-half, below 200 meq kg-'. Respiratory C02 evolution in the dark increased almost 2-fold in low Mg leaves. Magnesium deficiency had less effect on leaf (mainly stomatal) diffusion resistance (ri) than oni mesophyli resistance (rm); in Mg-deficient plants rm increased from 2.9 to 7.1 sec cm-', whereas ri became significantly greater than the control value only in the most severe instances of Mg deficiency.
Magnesium is required by a large number of enzymes involved in energy transfer, particularly those utilizing ATP (2) . It is a constituent of the Chl molecule and is required for the normal structural development of the chloroplast (4, 11) , as well as other organelles such as the mitochondrion (5) . Thus, it is to be expected that Mg deficiency would have damaging effects on photosynthesis and respiration. This has been shown for both processes in spinach (1) , and for photosynthesis in maize (6) . Magnesium deficiency has a pronounced effect on sugar beet plants, causing chlorosis, yellowing, scorching of the interveinal tissues of the leaf blade, and eventually, necrosis (13) . In the present investigation, our objective was to assess the effects of Mg deficiency on the photosynthetic and respiratory CO2 exchange of sugar beet leaves and to determine whether Mg has any effect on leaf CO2 uptake attributable to changes in stomatal diffusion resistance. In addition to the information concerning gas-diffusion resistances, provided in earlier work (8, 9) , we wish to make the following points. Assuming a cuticular resistance to water vapor of at least 10 sec cm-', the leaf diffusion resistance (r,'), which includes cuticular and stomatal diffusion resistances, would differ from stomatal diffusion resistance by -about 2% (for low values of r,'). As the cuticular resistance may well have been much higher than 10 sec cm-', the leaf diffusion resistance probably approximates to the stomatal diffusion resistance in most instances referred to below, excepting possibly the highest values or r,'. The boundary layer resistance for C02, ra. was found to be 0.2 sec cm-' for most leaves.
MATERIALS AND METHODS

Details
RESULTS
The Mg concentrations in the leaf decreased rapidly after cutoff, reaching the critical level of 80 meq kg-' of dry matter after 9 days, and remaining constant thereafter (Fig. 1) . Visible symptoms of Mg deficiency did not appear until 12 days after cutoff; the recently matured leaves showed interveinal chlorosis, but the experiment was terminated before any necrosis developed. The concentration of Mg in control leaves also decreased, from 1230 to 710 meq kg-' in the blade. This was almost certainly attributable to an inadequate supply of Mg, the demand of these fast-growing plants outstripping supply even though the culture solutions were changed three times a week. Despite this, leaf Mg concentration was sufficiently high to prevent visible deficiency symptoms or changes in photosynthetic or respiratory performance.
Depletion of leaf Mg, as a result of withholding Mg from the culture solution, probably led to a slight increase in Ca uptake by the plant, since the Ca concentration of the leaf blade and petiole showed increases during the 1st week (Fig. 1) Respiratory CO2 evolution into CO2-free air in the light (RL) decreased almost linearly with time after Mg cutoff, while dark respiration (RD) apparently increased (Fig. 2B) . The in- creased to about 300 meq kg-', about the same as the control. The concentrations of K in the leaf blade at the 5th and 7th days from cutoff were 1664 and 1541 meq kg-', respectively, which were somewhat higher than the control values of about 1300 meq kg-1. Thus, it appeared that the leaf initially absorbed Ca and possibly K as substitute cations for Mg, a phenomenon which has recently been reported in maize (3). The concentrations of other cations in the leaf blade or petiole, including Cu, Fe, Mn, Na, and Zn, did not change significantly with time after Mg cutoff.
After Mg cutoff, the rates of photosynthetic CO2 uptake in normal and 02-free air, F and F*, respectively, apparently increased during the first week, then decreased rapidly during the next 10 days to about one-third of the control rates ( Fig.  2A) . Most of the decrease in photosynthetic rates which occurred after the first week was due to increased mesophyll resistance (r., and rm*) (Fig. 2D) . Leaf (mainly stomatal) diffusion resistance, rl, increased after the first week but only became significantly greater than the control in the most severe instances of Mg deficiency (Fig. 2C) . Even at the end of the experiment when r, reached its maximum value, the proportion of the total resistance to CO2 attributable to r1, i.e., r1/(r, + r, + r,.) was only 15% in Mg-deficient leaves compared to the normal value of about 13 % in control leaves. CO2 EXCHANGE AND MAGNESIUM DEFICIENCY crease in RD in low Mg leaves appeared to take place in the first week after cutoff; RD increased from 2.3 to 4.0 ng of CO2 cm-2 sec-1, and this rate was maintained subsequently while the rate for the control leaf decreased slightly over the experimental period. RL of the low Mg leaves decreased to about one half that of the control leaf over the period of deficiency.
DISCUSSION
There were apparent increases in the rates of photosynthetic CO2 uptake per unit area, F and F*, after Mg cutoff (Fig. 2A) We believe that the relationship of photosynthetic rate with leaf-Mg concentration follows that illustrated in Figure 3 , i.e., that the rate increased with leaf Mg from 50 up to about 200 meq kg-', and that from 200 to 1200 meq kg-' the photosynthetic rate remained fairly constant. Rates of photorespiratory CO, evolution into C02-free air followed a similar relationship with leaf Mg (Fig. 3 ). Thus the leaf was able to sustain normal photosynthetic and photorespiratory activities at Mg concentrations down to as low as 20% of those of the control leaf.
Peaslee and Moss (6) (Fig. 3) . The critical concentration for sugar beet growth, in terms of plant dry matter accumulation, is about 80 meq kg-' (12), somewhat lower than that for photosynthesis.
Dark respiration increased as leaves became more Mg deficient. Magnesium deficiency might be expected to cause some derangement of the respiratory processes since Mg is required for enzymes of glycolysis, the pentose phosphate pathway, and the tricarboxylic acid cycle (7) .
The effect of Mg deficiency on photosynthesis was predominantly through increased mesophyll resistance; rm and rm* increased continually until the termination of the experiment. Stomata were very little affected by Mg deficiency until the 15th or 16th day as indicated by ri, which changed little until that time. In the case of the most Mg-deficient plant (16 days after cutoff), the increase in total resistance (i.e. the resistance to CO2 movement from the atmosphere to the intracellular site of photosynthesis) attributable to Mg deficiency was 5.5 sec cm'1; of this increase, 84% was due to an increase in rm and only 16% to an increase in ri.
